Introduction: A pilot study to establish a norm of physical measurement for typically developing (TD) Chinese children in Hong Kong.
Introduction
To monitor and track the growth of a child over time, growth charts are primarily used by paediatricians and other health care providers. In Hong Kong a territory wide, cross-sectional growth chart covering 25,000 Chinese children from birth to 18 years was performed in 1993 by Leung et al. and is used for height, weight and head circumference for developmental assessment [1] . An updated norm of other physical body measurements for Chinese children in Hong Kong that can be used for comparison is lacking.
As part of an on-going study, our research team attempted to identify subgroups within children of Autism Spectrum Disorder (ASD) based on physical measurements and dysmorphology examinations [2, 3] . In order to establish a comparison against a group of children diagnosed with ASD, our research team first decided to create a Chinese set of norms of physical measurements from typical developing children. This paper aims to report the results of the pilot study to study the physical measurements of TD group.
The setup of a norm of body physical measurements collected from typically developing Chinese children population is useful not only in identifying homogeneity subgroups within ASD population, but is beneficial for future research involving other neurological or behaviorally defined disorders. The target population for this study is primarily focused at preschool and kindergarten age group (0 to 7 years old), but we wish to extend the research to the paediatric and adolescent population (0 to 18 years old) in the future.
In order to recognize the prevalence of children with dysmorphism in a population, there is a need to set up a norm data collected from control in general population. The target population of this study is children of Chinese ethnicity. As a result of both genetics and environmental factors, physical norm data would evidently differ from Chinese population when compared to Caucasian population. Wu et al. studied the ocular measurements in normal Chinese children in Taiwan and found that the inner canthal distance, outer canthal distance and interpupillary distance in Chinese children were wider than those in Caucasian children [4] . This exemplifies the ethnical differences in normal body physical measurements for quantitative data and the need to set up a Chinese norm. The main objective of this study is to establish a Chinese norm of physical measurements from typical developing children as basis for comparison against a group of children diagnosed with ASD. In particular, this study will attempt to address the following questions: 1) What is the norm of physical measurements for a single ethnicity (Chinese)? 2) Do the physical measurements of the children in the normal development group differ from the physical measurements of ASD children?
Participants and Methods
This study is a part of an ongoing population-based case-control investigation on children selected from general population with Typical Development (TD) compared with children with Autism Spectrum Disorder (ASD). This paper summarizes the results from the TD group in order to establish a norm of physical measurements and compares to children of ASD. children, kindergarten and nurseries across Hong Kong were invited to take part of the study. This study was first launched as a pilot study. As of March 2010, there are 966 Kindergarten and KindergartenCum Child Centre registered under the Education Bureau in Hong Kong. Letters of invitations and background of study were mailed and faxed to a random sample of 198 nurseries. The total number of schools recruited for this study was 68. Of the 68 nurseries and kindergartens recruited, 14 nurseries were located in North Territories, 52 in Kowloon and 2 in Hong Kong Island. The current study was conducted between Jan 2010 to December 2011. Signed consent forms returned by children of interested parents or legal guardians were recruited into study.
The inclusion criteria for this study are typical developing children aged between 0 to 7 years old (preschool and kindergarten age) and of Chinese ethnicity with no history of global developmental delay or other medical disorders and no previous history of neuropsychiatric or genetic disorders. All children must have an overall healthy developmental profile without any marked problems or regression signified from a healthy Mother Child Health Clinic (MCHC) records. No further exclusions for TD group were made based on genetics, family phenotype, or other characteristics with the exception of children who had visual, hearing or motor impairments that precluded the physical examination assessment.
To establish a comparison, the physical measurements of TD group were analyzed against children diagnosed with ASD collected in a related on-going study. The inclusion criteria for the ASD group were children aged between 0 to 7 years old, of Chinese ethnicity and a confirmed medical diagnosis of ASD (Autism/Asperger/PDD-NOS) made by child neurologist, developmental pediatricians, and/ or clinical psychologist. All ASD children must meet the diagnostic criteria for ASD according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [5] and/or DSM-5 [6] .
Physical measurements
Physical measurements including height, weight, head circumference, ear length, length of outer and inner canthi, interpupillary distance, philtrum, hand, finger length and foot length was measured for all participants in TD group. The standing height (from top of the head to tip of the feet) was measured and recorded in centimetres. The weight was recorded in kilograms (kg) with shoes, jewelleries, and belts removed before measurement. The head circumference or Occipital Frontal Circumference (OFC) (cm) was measured from the above most prominent point on the frontal bone above the root of the nose to the posterior most prominent point of the occipital bone using tape measure. The ear length (cm) is length of the external ear (pinna) from the superior aspect of the outer rim of the helix to the most inferior border of the ear lobe or pinna. The outer canthus distance (cm) is the measurement between the outer canthi of the two eyes from the most lateral corner of one eye to the most lateral corner of the other eye) the inner canthus (cm) is the measurement from the innermost corner of one eye to the inner most corner of the other eye. The interpupillary distance (cm) is the measurement between the centres of both pupils. The philtrum (cm) is the measurement of the distance between the base of the nose and the border of the upper lip, in the midline. The hand length (cm) is the measurement from the distal crease at the wrist to the tip of the middle finger. The finger length (cm) is the length of the middle finger, the measurement from the proximal flexion crease at the base of the middle finger to the tip of the middle finger taken on the palmar aspect of the hand. The foot length (cm) is the measurement of the longest axis of the foot, measured from an imaginary vertical line drawn from the posterior prominence of the heel, to the tip of the longest toe, on the plantar aspect of the foot. The standard protocol for measuring the physical measurements is followed in reference from Hall et al. [7] . All measurements were measured twice, rounded to the nearest 0.1 kg or 0.1 cm and the average was recorded into the database. The examination was performed using standardized and calibrated medical scales, stand height measure, non-stretchable measuring tape and calliper. All investigators (P.W., C.F., and G.C.) responsible for the physical examination were trained to ensure standardization of all measurements.
Statistical analysis
Normally distributed mean data are presented mean ± standard deviation (SD). Physical measurements are rounded to the nearest tenth. The physical measurements for the TD and ASD group were compared using the unpaired student-t -test. In order to match for age and sex, participants were divided into age and sex groups. All statistical analyses were performed with SPSS version 17.0 (SPSS Inc., Chicago, USA) with unpaired student t-test. A p value less than 0.05 was considered statistically significant.
Ethical approval
This study was reviewed and approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (HKU/HA HKW IRB: UW 10-150).
Results

Participants
We received a total of 662 signed informed consent forms during the recruitment period. Four participants were excluded in the TD group because of inability to attend the physical examination due to sickness or vacation leave. For this pilot study, there were 658 participants recruited into the TD group. There was no withdrawal by parents or legal guardians after agreement to join study. In the ASD group, 80 children were recruited and compared against the TD group. Table 1 shows the demographics of the TD and ASD group. Table 2 shows the physical measurements for male participants in the TD group; Table 3 shows the physical measurements for female participants in the TD group. In order to further analyze the physical measurements of the TD group based on sex, the age group in this section was separated into 4 groups: 1 ≤ 2 years old, 3 ≤ 4 years old, 5 ≤ 6 years old and 7 ≤ 8 years old (Table 4) .
Physical measurements for TD group
Physical measurements of TD compared with ASD
The physical measurements for TD group were compared to a group of ASD group for analysis. The statistical analysis for the physical measurements for TD and ASD group is shown in Table  5 . Our results show that there were significant differences between ASD and TD children for measurements in: head circumference 
Discussion
Our study group has an on-going study to investigate the physical measurements and dysmorphology in children with ASD. In order to recognize general dysmorphology and detect deviations of body measurements in ASD children, there is a need to set up a norm data of physical measurements collected from TD children as control. The physical measurements including height, weight, OFC, outer and inner canthi distances, interpupillary distance, ear, finger, hand and foot length were collected from typically developing Chinese children in the general population without medical conditions or diagnosis. In this pilot study, we compared the physical measurements in TD group and compared against a group of ASD children for comparison. We report statistical differences reported for head circumference, outer and inner canthus, philtrun length, and foot length. Our main results were that there is statistical difference in the physical measurements between the TD and ASD group. The differences in the physical measurements observed in the TD group reported in this study showed the importance of normative data. The comparisons for the progression of change in height, weight and head circumference are standard evaluations for growth assessment. The comparison provides important reflection on the health, nutritional state and overall clinical impression for a child. While it is not used as a diagnostic instrument, the quantification and the detection of deviations can provide early insights for possible underlying problems during the initial and subsequent assessments.
In 2010, the CDC recommended that healthcare providers in United States shall use the WHO growth standards to monitor growth for infants and children less than 24 months and the CDC growth charts for children beyond 24 months [8] . The WHO child growth charts were updated with new international growth standard statistical distribution in 2006 for the growth of healthy children living under optimal conditions [9] . The use of both WHO and CDC growth charts are intended for all children regardless of socioeconomic status and ethnicity, however there are studies to suggest that they may not be suitable for all populations [10, 11] . In recent studies, there are researchers that questioned whether the uses of WHO growth standards are applicable for a Chinese population, specifically for children in Hong Kong [12] . Based on the 1997 Hong Kong birth cohort as the population based study -they found that the weight for age was close to the 50 th percentile of the WHO standards for both boys and girls before 3 years of age, however, toddlers at age of 3 were on average, shorter [11] . Similarly, in Hong Kong, the Body Mass Index (BMI) of Chinese and Caucasian infants was assessed and it was evident that ethical differences between populations exists [13] . In Beijing, China, BMI percentile curves were created of 7-18 years of aged Chinese children and then compared to the WHO and CDC charts. The investigators found that BMI distributions in China were substantially different from WHO and CDC references. Specifically, Chinese girls were lower in reference values and younger Chinese boys had higher proportions of extreme BMI values in both directions [14] . In United Kingdom (UK), Wright and colleagues assessed the potential effect for use of the WHO growth charts for monitoring UK children. Their results show that at birth, UK children were longer and heavier than the WHO standard and the WHO growth charts would set a lower standard for weight gain for UK infants [10] . Subsequently, new charts UK growth charts were created for children aged 0-4 years old to describe the optimal pattern of growth for UK children [9] . The comparable differences observed in across the mentioned studies challenged whether a universal growth standard is applicable across all populations. A growth standard that is tailored to individual populations (with varying nourishment and feeding patterns) will better reflect ethnic-racial diverse populations. The variation for human growth patterns exists not only between ethnic groups but also between regions. A growth standard created within a region of an ethnic group would better reflect the physical growth status of children in a sampled population.
Focusing specifically on Chinese children, there are populationbased studies for growth charts that was previously created. There are growth patterns and measurement studies for Chinese children, including -physical growth status for height, weight, sitting-height and chest circumference in China [15] reference curves for weight, length/height, head circumference for children under 7 years of age in Beijing, China [16, 17] ; height and weight growth charts from birth to 18 years by the National Growth Survey of Children and the Physical Fitness and Health Surveillance of Chinese School Students in China from birth to 18 years old [16] longitudinal growth standards for height, weight, sitting height, arm span, skin-fold thickness, body mass index and ratio of sitting height or arm span to stature in Taiwan [18] and waist circumference and waist-to-height ratio for children in Hong Kong [19] .
In 1993, a growth survey of approximately 25,000 Hong Kong children from birth to 18 years of age was performed [20] . Locally derived growth charts from a territory wide cross-sectional growth survey are still currently in used in Hong Kong. This set of growth charts are developed by The Chinese University of Hong Kong in 1993 with growth parameters measured for weight, height, head circumference, sitting height, upper to lower segment ratio, age of pubertal changes -breast development in girls and penile development in boys, triceps and sub scapular skin fold thickness and BMI [20, 21] . In the current study, the author reported the norm data of physical measurement for 658 Chinese TD children aged 1 to 7 years old undertaken between 2010-2011 in Hong Kong. The physical measurements in TD children are shown to be significantly different than a group of ASD children used for comparison. The current study is a pilot study launched and a major limitation of this study is the small sample size. Based on the preliminary results from this data, our study group is currently in progress of a more representative study with a larger sample size.
In our study, we attempt to establish a normative standard data for physical body measurements in Hong Kong Chinese children. The application of western data on Chinese children has been shown to be inapplicable for diagnosis and evaluation. Hence, there are practical uses for the norm data established in this pilot study for future diagnostic use and clinical comparisons beyond ASD and for other neurological, genetic disorders.
The use of physical measurements in children is important for providing early insights for genetic syndromes and clinical evaluation. As part of a pilot study, we expect the advancements in methodology to further exemplify the results found in this study. The use of advanced imaging systems with high-precision would validate results with accuracy and speed. We propose the use of 3dMDface camera system -an imaging system for ultra-fast, high-precision 3D surface imaging device (3dMD 2011). The 3dMDface system is a non-invasive imaging system that provides high-precision anatomical documentation of body surfaces and provides a 180-degree capture (ear to ear) coverage in less than 1.5 milliseconds. This system would allow researchers to acquire 3D data for anthropometric facial coordinates and analysis facial morphology. We hope to apply the use of this imaging system at DKCH and QMH to better record the quantitative data on physical measurements for all children during developmental assessment. The ISSN: 2380-6036 information collected would assist the basis for condition assessment, treatment planning, and progress monitoring. The use of a highprecision imaging system would eliminate any human-made or interrater variations and greatly improve power for research analyses. The use of this imaging system would allow researchers to further exemplify dysmorphology and minor physical anomalies in children. The use of quantitative measures is important for identification of dysmorphic features and differentiating what is within or outside of normal range. Hence, the setup of a norm data is of utmost priority to recognize any abnormality of morphological features in the children.
Conclusion
The current study served as a pilot study for the creation of a norm data of physical measurements for Chinese children in Hong Kong. Future confirmative studies should continue to expand and develop on the data collected in this study, with an expansion of recruitment for children and adolescent in older age groups. A validated norm data would aid in pediatricians to recognize differences and variations in children for a wide range of developmental and genetic disorders.
